1. The influence ofpituitary gonadotrophins and oftestosterone on the conversion of linoleic acid into other polyunsaturated fatty acids by rat testicular tissue was studied. 2. In immature hypophysectomized rats, follicle-stimulating hormone caused a threefold increase in the incorporation of radioactivity from [1-14C] linoleic acid into testicular lipids; the distribution of 14C in the polyunsaturated fatty acids, however, was not significantly affected. 3. In mature hypophysectomized rats, the hormonal treatments had less pronounced effects on 14C incorporation into testicular lipids, but caused a significant increase in the percentage of 140 incorporated into polyunsaturated fatty acids of the co-6 series, luteinizing hormone and testosterone having the more pronounced influences. 4. A timecourse study of the appearance of radioactivity in the ejaculated spermatozoa of rabbits, after they had been given a tracer dose of [1-14C] Iinoleic acid, indicated that incorporation of radioactivity into spermatozoa occurred during all stages of spermatogenesis.
The importance of the polyunsaturated fatty acids in testicular development and spermatogenesis is well recognized (Kirschman & Coniglio, 1961; Abluwalia & Holman, 1966; Davis, Bridges & Coniglio, 1966) , but the significance and the exact nature of their involvement are still uncertain. The characteristic increase in the concentration of docosapentaenoic acid in the maturing rat testis (Davis et al. 1966) suggests some hormonal control, direct or indirect, but little work has been done in this field. Finerty, Klein & Panos (1957) reported that testosterone corrected the degenerative changes in germinal epithelium induced by fat deficiency. However, in view of the earlier report by Panos & Finerty (1954) that the Leydig cells and accessory sex organs remain intact in fat-deficient rats, despite the degeneration of germinal epithelium, the androgenic influence is still uncertain. Some observations on the influence of hormones on the biosynthesis of some testicular lipid constituents have been made (Gambal & Ackerman, 1967) , but polyenoic fatty acids, which seem to be more fundamentally involved in sperm maturation and development (Kirschman & Coniglio, 1961; Ahluwalia &Holman, 1966) , were not studied. The present paper reports some observations on the polyenoic fatty acid content of rat testis under the influence of testosterone and the pituitary gonadotrophins.
MATERIALS AND METHODS
Male Sprague-Dawley rats, hypophysectomized at 4 weeks of age, were obtained from the Hormone Assay Laboratory, Chicago, Ill., U.S.A. Mature male rats of the same strain, each weighing 200-225g., were hypophysectomized by the intra-aural technique. Five rats were killed immediately after receipt of the shipment or immediately after hypophysectomy, and their testes and seminal vesicles were removed and weighed. The rest of the animals were caged at 220 and were fed ad libitum on commercial rat chow.
After the rats had been housed for 2 weeks under laboratory conditions, another five animals were killed and their testes and seminal vesicles removed and weighed. The rest of the animals were then divided into five groups of six animals each receiving the following injections: (1) The extraction of the total lipids, separation into lipid classes anid the analyses of fatty acids were done by methods described by Goswami & Coniglio (1966) . The prostaglandins from the seminal vesicles were extracted by the method of Green & Samuelsson (1964) (Cohen, 1957) , and recentrifuging. The washings were added to the seminalplasma. The lipids were extracted from both the sperm fraction and the seminal plasma fraction by the Folch procedure (Folch, Lees & SloaneStanley, 1957) . The extracts were evaporated to dryness, the residue was redissolved in light petroleum (b.p. 40-60) and samples of the extracts were transferred to scintillation vials for counting.
RESULTS
With immature rats, there was a 4% increase in the mean body weight of the animals during the 2-week adaptation period between hypophysectomy and replacement therapy ( Table 1) . The hormonal treatments did not have any effect on this growth rate. There were no significant alterations in the testicular weights of the hypophysectomized immature rats during the adaptation period. Though there were great individual variations, the testicular weights were in general the highest in the FSH-treated and the FSH-LHtreated groups. All the hormonal treatments had significant effects on the seminal vesicle weights.
In the mature rats, the body weights decreased by about 20% during the 2-week period after hypo- Of the three lipid components in the testicular tissue that were examined, the major incorporation (74-86% of the total) was into the phospholipids, and the various hormonal treatments did not significantly affect the 14C distribution. Only the 100+4-2 81+ 7-3 83+ 6-9
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71-6+ 8-6 83+ 7-0 36*8+ 6-9 42+5*6 44+ 8-9 61+ 8-0 99+ 7-9 83+9*1 141+12-8 (Table 3) , and the percentage of radioactivity incorporated into fatty acids of the w -6 series was not significantly altered. The 22: 5 (co-6) acid showed only slight radioactivity in spite of its high concentration and the high radioactivities in both linoleic acid and arachidonic acid. Significant incorporation was obtained in all the hormonetreated groups into a fatty acid tentatively identified as a 24:5 acid.
Incorporation of radioactivity into fatty acids Vol. 105 shorter than 18: 2 represented breakdown of linoleic acid into short carbon units and their subsequent resynthesis into fatty acids of various chain lengths. The radioactivity in this fraction was higher in the FSH-treated group than in the other groups. Hormonal therapy had little effect on the percentage fatty acid composition of the testicular phospholipids in the immature hypophysectomized rats, though there was a significant increase in the concentrations of a fatty acid, tentatively identified as 24:5, after both LH and testosterone treatment (Table 4 ). This acid, first reported by Davis et al. (1966) , was detected in small but measurable quantities in the immature rat testis.
In hypophysectomized mature rats, the percentage of the 14C radioactivity in the polyunsaturated fatty acids longer than 18:2 was lower than that in any one of the hormone-treated groups. FSH treatment raised these values only slightly. LH treatment caused a pronounced increase in the incorporation of radioactivity into polyunsaturated fatty acids of the co-6 family (20:4 and 22:5) ( Table 5 ). The effect of TP was similar to that of LH, indicating that the LH effect may be mediated through testosterone. Little or no radioactivity could be found in the 24: 5 acid in any of the groups. These hormonal influences on polyunsaturated fatty acid synthesis were reflected also in the con- The results are expressed as percentages of the total radioactivity in the phospholipid fatty acids. Each result is the mean + S.E.M. from six animals in each group. The radioactivities in 20:2, 20:3 and some unidentified components beyond 22:5 were 1% or less, and are not included in the centrations of the fatty acids (Table 6 ). LH and TP treatments resulted in significant increases in the concentrations of 20: 4 and 22: 5 fatty acids, whereas FSH had a less marked effect.
Appearance of 14C in rabbit spermatozoa after the rabbits had been given [1-14C] linoleic acid. Table 7 shows the fatty acid composition of the total lipids in the testes and sperm of the rabbit. The fatty acid pattern in the sperm follows closely that of the testes. This is expected because about 60-65% of the testicular tissue has been estimated to consist of spermatids and spermatozoa (Leblond, Steinberger & Roosen-Runge, 1963) . Fig. 1 shows the appearance ofradioactivity in the total lipids in the sperm and the seminal plasma after the rabbits had been given 100lc of [1-14C]-linoleic acid. These experiments were done to Vol follow up a suggestion that the 22:5 (w -6) fatty acid is incorporated into the sperm during the development of the spermatids (Davis et al. 1966) . Attempts were made to determine the distribution of radioactivity in individual fatty acids, but, owing to the very low radioactivities in single ejaculates, these were not successful. It is assumed that most of the radioactivity was in linoleate and other polyunsaturated fatty acids. Radioactivity appeared in the seminal plasma within a few hours of the rabbits' being given [1-14C]linoleic acid, and disappeared after about 10 days. Though the seminal plasma was not analysed further, this radioactivity was assumed to be mostly in the prostaglandins. Measurable amounts of radioactivity appeared in the sperm after about 5 days. The amount reached a peak at 14 days and then declined to a small amount after about 30 days. In about 60 days radioactivity had disappeared completely from the sperm. Allowing 9-10 days for the passage of the spermatozoa from the caput of the epididymis to the cauda (Orgebin-Crist, 1965) , and assuming that no mixing of fresh and older spermatozoa took place in the cauda epididymidis, owing to the frequent ejaculations used in our experiments, these results might indicate an involvement of the polyunsaturated fatty acids in all stages of spermatogenesis.
DISCUSSION
The critical involvement of the polyunsaturated fatty acids in spermatogenesis and testicular development, first borne out by the classical experiment of Burr & Burr (1930) , later gained experimental support from various workers (Finerty et al. 1957; Aaes-J0rgensen, Funch, Engel & Dam, 1956; Aaes-J0rgensen & Holman, 1958) . Notable is a report by Noble & Carroll (1961) that erucic acid, a 22:1 acid, destroys the germinal epithelium in testicular tissue and induces permanent sterility. This result should be considered in relation to the reports of high concentrations of a 22: 5 (cw -6) fatty acid in normal testes and its appearance during testicular maturation. Since erucic acid could conceivably compete with the 22:5 acid in forming structural elements, this might indicate a crucial role of the latter acid in normal testicular development.
In contrast with some earlier reports, the present study shows that the immature rat testis contains a significant amount of 22:5 (co-6) fatty acid (15-20% of total fatty acids). The concentration is little affected 2 weeks after hypophysectomy or after subsequent treatment with gonadotrophic hormones, however. In contrast, hypophysectomy in mature rats causes a decline in the concentration of, and in the incorporation of 14C radioactivity from linoleic acid into, 22:5 acid, and also 20:4 acid, the results with LH-treated or TP-treated animals being used as a basis for comparison. The significance of these observations is not yet apparent. However, gonadotrophin preparations do not induce spermatogenesis in immature rats (Asdell, 1946) , and the different response of the mature rat testes could be related to their spermatogenic activities, which may impose a particular demand on the polyunsaturated fatty acid pool. The possibility that these changes in 14C incorporation might reflect changes in dilution of 14C due to different sizes of free fatty acid pools or to different turnover rates of phospholipid fatty acids cannot, however, be excluded, and should be taken into consideration in the interpretation of these data. The fact that the immature rat testis contains high percentages of arachidonic acid and docosapentaenoic acid 2-3 weeks after hypophysectomy indicates an involvement of these fatty acids with the spermatogonia or Sertoli cells, since these are the only structures reported to remain intact after hypophysectomy in the rat (Smith, 1939) . Moreover, since ejaculated sperm in rabbits also contain an appreciable amount of arachidonic acid and docosapentaenoic acid, it is likely that these fatty acids are associated with spermatogenesis. Further evidence for this contention is provided by the report of Davis et al. (1966) . The decrease in the concentrations of the arachidonic acid and docosapentaenoic acid in the hypophysectomized mature rat may then be explained by the arrest of spermatogenesis in hypophysectomized animals and its restoration by LH or testosterone therapy.
From their experiments with maturing rat testes, Davis et al. (1966) concluded that the docosapentaenoic acid is probably associated with the maturation of the spermatids. The observations in our experiments that in rabbits labelled sperms began to appear in the ejaculates 5 days after the rabbits were given [1-14C]linoleic acid, and that hypophysectomized immature rat testes contained an appreciable amount of docosapentaenoic acid, would argue against their conclusions. However, we do not know into what fatty acids the label was incorporated in our studies, and it was not possible to determine the precise time at which the fatty acids appeared in the sperm lipids. It is noteworthy that the fatty acid composition of the rabbit sperm reported here is similar to that found for rat sperm by Dr J. G. Bieri (personal communication).
The stimulation of fatty acid incorporation into testicular tissue by FSH is probably a reflection of the general stimulation of growth of testicular tissue by FSH. The more pronounced effect on immature rat testis is presumably due to its ir4-creased sensitivity.
